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The Pysion Materisle Jrrefiation Yoo PNIY
Pacility will be Suilt ot Banford, Washington,
ond apereted by the Banford Brgineer lay
Developee~t lotoretarvy MEDL . which 10 Senage”
bv the Mestinphouse Corporstion. The functio~
of the PRIT facility (o © profece li-feV
arutrons to develop criticel mmterials for
fueior reactors. The tots! estimsted coet of
the entire facility 1o 8169 aillion.

T™"e neutron @generetor coneiets Of & lineer
Grutaron ecreleretor thet Ianjects Y-ReV Geu-
terone iatw o flowing lithiue Dlanter snf pro-
Suces l4-ReV neutrons tw & Stripp!i=g process.
™e Loe Alsaos Sciegntific Labocatory (LASL: fe
teaporsidble for the fpsign ond witimete perfore-
ance Of the sccelerator. The deelign ectivities
will be performed bv & taer of LASL ond EENL
engingere working st Loe Alsmos werder the tech-
nfcal oupervinion of LASL. Ywe sccelerator cos-
ponents will be senufecture® bv 0. 8. Infuetrv.
T™e EIDL will De reoponeible for the Installa-
tion while LASL will be responsible for the
fing)! cammiseicning of the accelerator. This
paper presents an overview of the ecxtelerator.

Deaiqr Choices

Because of the length of the irredistion
testing period, perhaps several veere, the
foacility must operste esventially a0 » neutron
foctory with hiqh reliability an? high gvail-
ebility. These roguirementr puided the design
philosophy for the sccelecator.] Because
emperience has showr that the relisbility of fon
soutces an® hiyh-voltage accelerating columna {»
inversely proportionasl to the operating wvoltage,
8 oyeotes that Gperates at a undest voltege s an
attrective option. Often this option is mot
viable because of the deeign G1fficulties of the
firet Grift tube. A recent proposal in the
O2sSR? for & movel low-energy sccelerating
structure, vhich w c»ll the Redio-Prequency
Quadrupole (RFQ), allows the possidilitv of
deeigning a low-voltege INnjector eystsa that can
be matched to & conventional drife-tube linac
sorelerator. The MMIT design conelets of »
100-keV injector, an RFD structure, end a
eonventional linec. A 3-MeV prototvpe sccel-
erstor 1o being built st LASL to éevelop end to
oertify theeoe dneign conoepts for the MIT
accelerstor.

Work perforsed ender the aumpices of the U. 8.
Depertment of Bnergy.

Loe Alemow Belentific Leboratory
Byw Menico §7%4%

An 00-R; eperating frequency was chose- fo-
MIT to mininige the sire of the romponerts.
while staving with'r the gvella-i'itvy of rel:-
sble 1l power coOSBOrents sn gvatess. Ar gver-
oq: sclelerating gradient of 1 MeV por Geter wev
sgplecte” to stev within the Filmetrice Criterio-
an” to mintmize "% lengt™ of the linec. Cer-
talin other mechwnice! Aesign festures were A:c-
tated Mw the mee” Tor “hants on® or mechanices’ v
sasiote”? mnintensnce t™wt will be reguire” ove-
the 20-veer life of this facility.

Teble 1 ¢~owe the princioe] epecificetiors

for th2 sccelerstor,

™aLe 1!

ACCELERAYOR SPEC IPICATIONS

Particle Deuterons
Dutv Pactor 100%
Prequency 90 MR
Outout Breraies 10 MeV an?
IS ReV
Maximm Dear Current 100 mA
Average Brergv Gair 1 NeV'w
Infector Bnergv 100 kel
Low-f Accelerator (RPD' Outpu® 2 mev
Wumher of Linsc Tanus 2
Bumber of Drift Tubes 772
Inner Dismeter of Lingc Tanks 2.40 » anr?
2.40 »
Lenath of Lirsc Tenks Ve
Tots! Lenat™ of Accelerator 2.7 .
Total ¢f Power $.9% »

Operating Presaure

srem

1.3 21074 ra

Pigqure 1 shows the geners! lavout of the
sccalerator, The tniector introfuces a 100-mA
bean of Aeuterons into the RPU that ceptures,
bunches, snd sccelerates the beam ¢, 2 MeV. The
drift-tuhe linac consiets of two rf cavities that



sccelerate the hea® to & Barnimue Of 3% MeV. The
secomd Cavitv cer be unencited ant cpn be use?
to trannport the M-MeV hegr fram the ficst
cavitv to the Bigh-Enerqv Besr Transport (EPRT
systewr Brerqgv Dispersion Cavitv 207 . The pur-
pose of the EIX 13 to aprea? the ensruyv of tha
slmost monocenergetic )S-Mel or 20-MeV hear fAr
proper opera®ion of the tarqet. The etra‘q*’
portior of the WNEBT transporte the hea® tc o
svitching magnet that directs the hesr tr either
of the twn identical targets ™ a periofic
ayster of bending magnets. The fina! magrets
focus the bea® to a 1- bv J-cm gpot or the
target. The wystew alec includer a pulse? Aury
beam stop for tune-up of the machine.

Injector

The PMIT infecte;) bheing develope” user a
cusp-field {on source baset or a Culhar
Sesigr.4 The ion source is a water-conleA
cylindrica anode wit: 10 ceraric bar masanets
srranged axially aroun® the outside of the ancde
wall to generate 8 periodic cusp magnetic fiel4A
{nsiAe the anode. The filarment mounting plate
is installed at the top en! of the chambdber
opposite the extractor. The cusp field prevents
the electrons fram moving directlv to the anoe
and increases their lifetime in the chamher,
thus significantly increasing the efficienc of
the source. The 100-kV extrector ie a single-
98P accelerating column with mo)vbdenur elec-
trodes. A mode! of this injector has Been
tested with very satisfving results. The qacs
efficiency is over 408. The source (s verv
quiet snd stable and *he f{ilament life i3
e¥pected to be over 350 hours.

Radio-Prequency Quedrupole

The PO serves two functiona; converts the
BC beam frow the i{njector into a bunched beam
scosptable to a drift-iube linac, and then
acceleratas the bzam to the energy reuired for
injectian in%> the first Arift tudbe. A vigorous
prugram ‘s underwvay at LASL to develop an RPO
systza for PFIT.5  The NPD conaists of four
zeriodically modulated bara in an rf cavity

Arives v 8 "E7 7 wedle. "™ ¢ @ -~ .p ger g,
lHe*ver g g a® v s far e =3 Pi0° 4 e sngr -4
ON‘s partires oppariscre T v e te cep r 5.,
oA Apfnrinirg ir the Athpr gnl yime yarey -
alterrate ¢! rg f.cyrter T™e ren;’'t fo o
etrong forining avater thg® w!']l Regrep--+ sv,
hear witho,? grrelerg®'ne a "na the gp- e
Lowrgliegdiag' geme'oratine orcurs hecp_ se ~% stra
tatial moAilatinrg v the wenen, whict -4 -
longituding fie)” rompnaents 1r the frimy -3
flels. The perintic'tv of the anA g '~ v
wvaried, g the partic'e enerq. increadec, -
keer the particle (r phgae wit* tre rf ole~- -
fle A

A nuymroar of ~'A myle s “pve hen- gyrrecc.

ful'v evaluate? witt hepd-p: " term~igies. T
/0 1s satinfactarvy ar? methate for oot img
ratio frenaency [-- - the cavitv have “ee-

Aevelopet. Twe desiqgr an? the conratryct n- nf a
42%-MAr pronf-of-prin~iple ten® are unlerwa:
with ewper imentas ache®,le?® to heq = hv Tg=ia- .
188", Sim ltanenia’lv, Aer:g- 8ty At kare Seg -
far or G0-MRy RF™ protrype g/Ater thg* w
ached le fnr evalud® o i CSET

Lire-

Te Linac 18 he'nag Aes!gned® for s nea:r’
manimre ghunt impodgnce (277 congimters wost
the Kilpatrick Criterion to minimige the *f
power requirements. The averaqe walye of 770
in hoth tanks is more tha~ 3? ' 'm. The inner
diameter of eac™ tank i ah0u* 24C . The -
to 20-MeV tant {& ahou 1% » 1on1 ant the ge~~-4
tank is ghout 1% » long. The {ntertant goace-
hetweer the tun tanks {a One heta-‘ar~Ay -
lenat™ 'S4, cr at 70 MeV'. The tankr wil'l e
farricoete” of 2.5-cwm-thick cooper-c's” gtee’
aurrounde” bv g cont nucut stee! anel! dpcher
for 'onqitudinal counterflow flao® coo'inag.

AYthoua™ the Yimac w!l! he Aexigned fo-
miniege bear gpill, {t {8 recoanize” that somas
opill {o Inevita™le and it is assume? t> bhe
J UA/® plus some "hot spots.® This will ..
to activatior levels that preclude anvone
entering the tanks after the linac has heer pu®
into operation. A design concept umsed on *he
CERN Linac was adopte? for the PMIT Linac. The
PNIT sveter’ uses girder strongbacks supportes
bv the tank stiffening rings, as shown in
Piq. 2. Bleven girders are regquire®, each ore
about Y m long. A girder will wmiq™ ahout
3000 kg an® will support from 3 ¢o 15 drift
tubhes. The Arift tubes will be installe” an+
aligned on the girders in an sligament Aock.
After installation In the tanks the various
girders will be aligne® with gach other.

The shape of the drift tubes was optimizer
using the SUPERFISR code. The Arift-tuhe roses
are tapere” but still meet the Rilpatrick
Criterion with a maximum surface fielAd gtress of
10.%5 MV/m while minimigina the amount of rf
power tequired. Because the PHIT {s continuou=
éuty, the Arife-tube faces are water cooled bv



The Ar:ft-tuhe linac.

Ear* Ariftr t re
that 1r a'c-

ar ~Aererders carling syeter,
A qiatrap~Te magne*
cor et

e S AL

imdererdans
T final ~mprnmess 1~ the linac i€ the EDT,

teqiitad *r cnreat the enargqe af the

Tiras o ort e and wince 60 ke s~ that the

whint e

e-s'q- w: . *e Aeprciced -
the 1% eaget, Tre FIC
capar:*:vely 1nagAet TM" T
rec- gty ~ac 3 aqap avnu’ equal to the las*
qar = the Yimar and g Alameter egia’ to the
lira vame., 1t igs Ar:iver sl:gh*'v off the
BN-M' ; resnnance &~ thar the resultant hea: =
oy A few megakertz.

varioage Aspthe -
ic a sirple

t-at

Righ-Enerqv Bear Transport

The HERT gvatemP ic Aacigne? to t-anspart
the 1.5-MW, 100-mA continuous Aeuternn hear from
the linac to either of twn tarqets. The HERT
muct transp~ct a hear witk a total possible aec-
metric emittance of 68.%F cwm-mrad unnormalize!
with a total energv spread of 1.5 MeV.

Fiqure 3 ghows the lavout of the HEBT. The
first section of the AFRT ‘et an extension of the
period:c quatrupole section similar to the qua--
rupclec tnside the linar., This section is use~
to install heam diagnostics instruments required
for accelerator operation. The quadrupole
matching section is require® to match the bear
to the bending system. The periodic bendina
system consists of four identical bending maa-
nets with the angle of hendt of the second and
fourth magnets reversed, A mirror image of this
svatem transports the heam to the second test
cell. Vertical focusing is provided bv the
downstream edge anale of each magnet such that
the phase shift of the cell is 90C in both
planes with equal cell lengths in both planes.
The remaining magnets in the transport svstem
steer the bear and finallv focus {t to a 1- bv
J-cm spot on the tarqet.

Piq. 1.

The M7 RAFAT avstear,

The entire HPR™ wi'! he ausperded fram tNe
ceiling *o Tine up with the '0-fnrt heam certer
line in the iinar, Thic syspencion svater w:''’
aliow eacy a~"me~ *~ tha HERT for maintenancs.

Ra?:n Frequency Sveter

The PWIT rf aversr? ie Apgigne? to Aeliver
a maxiwar ~f ahout O MW A of power. The preca-e
decsigr requirer 1. ¢ MW for the heaT plus ahon*
1.9 M« for copper The fina® amp'ifierc
operate at ahnut two-thirde of thei- maw:-
mar ratipacr. A hlock “iag-ar of the rf sueta-
1€ showr in Fia. 4. The B0 MH2 ics qenerate? -v
a crvsta' oscillarter and flowe throuva™ the lom-
power siqna’ amp'ifiers to the “igh-power amr’:-
fierc. Phas= an' amplitude contrel ie Aone at
the low-power amplifier ‘eve'. The high-Dower
amplifiers, whic™ will he Aesigne” an? con-
gtructed hy a commercia’ vendor, will eack us: a
gsinale BIMAC RO7Y tetrode as *ne fina! amp' fror
tute., Thic tune has hesr eva'uated at over
S0C kW at B0 MR?; an” {t appears quite satic-
factorv for this application, The svetem ycec
multiple Arives ir a'l tanke an® it {8 decsigre?
8~ that the acceleratar car opevate for a
limite? time with one rf motule ocut of =ervice
tr each tank,

lnecac,

will

The Prototvpe

A protatvpe of the first & Mel aectior of
the acce'erator will be built and evaluated a*
LASL to confirm the Aesign choices in this par*
of the PMIT accelerator. The prototvpe wi''
consiat of a 100-keV injector, an RFO low-heta
accelerator, the firat girder of Arift tuhes =
a short linac tank, an?® an EDC., A'1l theee com-
ponents, witk the exception of the short tank,
will be exactlv prototvpica' of the PMIT accel-
erator parts. Pour prototvpical rf modulea wil’
he used to supp'v the rf power for the RFQ an?
the Linac: a special unit w!ll power the EDC.
The contro! svstem and the vacuum avetem will he
equivalent to thoste {n the PMIT gvstem., The
prototvpe injector wil! beatin operating ‘n ear'v
1980 anAd beamr througq™ the entire prototvpe
svater {e sche?uled for early 10RD,
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Pig. 4.

Design Status and Schedule

A conceptual design of the complete PMIT

sccelerator has been completed and approved.
Preliminary design has begun with emphasis on
the design and procurement of the prototype

system.

Completion of the design of the entire

accelsrator system is scheduled for mid-1981,
Accelerator installation will begin in the fall
of 1982 with check-out beginning about s year

1. ter.

The entire facilitv is scheduled to

begin operating {n September 1584.
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